After a feeding study comparing the growth response of rats fed a 10% protein diet of glandless cottonseed meal with the same meal to which gossypol had been bound showed the latter produced significantly lower weight gains, two experiments were conducted in which the diets were supplemented with single amino acids. The amino acids were either L-lysine, L-isoleucine, L-valine or L-threonine and were included at the level to bring the dietary level to that recommended for young rats. In a third experiment L-methionine was added to the above list of amino acids. In a fourth experiment the five amino acids were included in combination at the levels they were supplemented individually. In experiments 2 and 3 there were significant differences between the corresponding gossypol-free and the bound gossypol-containing diets. There was no difference between the gossypol-free and gossypolcontaining control diets and the respective diets supplemented with an amino acid. In experiment 4 amino acid supplementation did not improve gains above the gossypol-free control, but did significantly improve gains for the gossypol-containing diet.
INTRODUCTION
The toxicity of gossypol, a polyphenol present in cottonseed, has been well-documented (Withers and Carruth, 1918) . Free gossypol, as it appears in the plant, is the most toxic form of gossypol (Hale and Lyman, 1957) . Moist heating in processing cottonseed meal reduces the amount of free gossypol at the expense of nutritive quality (Baliga and Lyman, 1957; Conkerton et al., 1957) . The decrease in quality is believed to be partially related to a decrease in the availability of lysine (Kuiken, 1952) . Processing also reduces the availability of valine, threonine, leucine and methionine (Kuiken and Lyman, 1948) .
Lysine has received much experimental attention as a supplement to cottonseed meals (Kratzer et al., 1955 , Miner et al., 1955 . Lyman et al. (1953) , using chicks, and Clawson et al. (1961) , using swine, showed significant growth responses with lysine-supplemented, gossypol-containing diets. Smith et al. (1958) using rats found that the supplementation of a cottonseed meal diet with lysine improved gains, but on the addition of methionine and tryptophan gains were depressed.
To elucidate the effects of bound gossypol on protein utilization and the influence of amino supplementation on these effects as measured by the growth of rats, the following four experiments were conducted: 1) the effect of bound gossypol alone; 2 and 3) the supplementation of gossypol-free and gossypol-containing diets with single amino acids; and 4) the effect of supplementation of the gossypol-free and gossypol-containing diets with a combination of the five amino acids tested individually in experiments 3.
MATERIALS AND METHODS
The four experiments were conducted using ucts Ass., P. O. Box 12023, Memphis, TN 12023. white weanling male rats of the Wistar strain 401 JOURNAL OF ANIMAL SCIENCE, Vol. 44, No. 3,1977 weighing approximately 50 grams. The diets contained glandless cottonseed meal 4,s (G1CSM; Phelps, 1962) and the same meal to which gossypol had been bound (G1CSM-BG) by the method of Smith et al. (1958) The gossypol-free meal was solvent-treated, heated and mixed in the same manner as the meal to which gossypol was bound, but without the addition of gossypol. The rats were housed individually in wire-floored cages in randomly assigned order. Feed and water were constantly available. The diets were formulated as shown in table 1. The amino acids were added based on work by Fisher (1965) . Experiment 1. Three diets containing 10% protein were used to elucidate the degree of growth inhibition created by bound gossypol alone as compared with that attributable to both bound and free gossypol as occurs in commercial cottonseed meals. Diet 1 contained glandless cottonseed meal as its sole protein source. Diet 2 prepared from the same meal to which gossypol had been bound contained .199% and .018% bound and free gossypol, respectively. An amount of crystalline gossypol equal to the free gossypol present in diet 2 (.018%) was added to diet 3 in which glandless cottonseed meal was used as the protein source. Free and total gossypol were determined according to methods developed by Smith (1968 Smith ( , 1958 , and bound gossypol was considered to be the difference between total and free. The 10 weanling male rats per treatment were weighed weekly, and feed consumption was recorded every other day for the 4-week duration of the experiment.
Experiment 2. To determine if a single amino acid was limiting in 10% protein gossypol-containing diets, four amino acids were individually included in either a gossypol or non-gossypol-containing diet in which glandless cottonseed meal was the sole protein source. The four amino acid-containing diets plus a control for both the gossypol and non-gossypol diets are presented in table 1, diets 1 through 10. The gossypol level in the gossypol-containing diets was the same as in experiment 1. Crystalline Lqysine, L-isoleucine, L-valine and L-threonine were included in the respective diets in amounts which would achieve the N.R.C. (1962) requirement level when added to the amount of the amino acid in the cottonseed meal. The amino acid composition of the cottonseed meal was determined on a Beckman 120B amino acid analyzer. Eight weanling male rats were randomly assigned to each treatment and to individual cages as in experiment 1. Body weight and feed consumption were recorded for a 4-week experimental period.
Experiment 3. In a third trial, methionine was added to the amino acids individually tested in experiment 2, table 1. The five amino acid supplemental diets plus a control were fed with either a gossypol-free or a gossypol-containing cottonseed meal as the sole protein source. The amino acids were incorporated into 10% protein diets and fed to eight individually housed weanling rats for a 4-week period as previously described.
Experiment 4. Diets in experiment 4 (table 1) contained either 10% or 11.2% protein supplied by glandless cottonseed protein, either without or with bound gossypol, and were supplemented at the expense of starch with a combination and level of the amino acids fed individually in experiment 3. Control diets isonitrogenous with those supplemented with the amino acids were included (diets 2 and 5). A diet at 10% protein supplied by the bound gossypol-containing meal supplemented with sufficient quantities of the five amino acids to make them equivalent to their content in a diet containing 10% egg protein. The feeding trial was conducted as described for experiment 3.
At the end of the experimental periods weight gains, feed efficiency and protein or nitrogen efficiency ratios were analyzed by variance methods (Steel and Torrie, 1960) . Treatment means were compared by Duncan's New Multiple Range Test (Duncan, 1955) .
4Supplied by the National Cottonseed Products Association.
s Glandless cottonseed is produced by plants having genetically few or no gossypol-containing resin glands in the seed as originally reported by McMichael (1954) . The solvent extracted meal contained .004% free and .021% total gossypol before subjecting it to the gossypol-binding treatment.
RESULTS AND DISCUSSION
Experiment i. Gains and protein efficiency was reduced (P<.01) for the bound gossypol diet, but feed intake was not significantly affected, table 2. When the amount of free gossypol equivalent to the free gossypol in diet 2 was included (diet 3), there appeared to be no deleterious effects. Consequently, the depressed gain and PER of the rats fed the diet containing both free and bound gossypol (diet 2) were due to the effect of the bound gossypol. Although work by Hale and Lyman (1957) al. (1958) that bound gossypol significantly lowered the growth response of rats. It may be concluded that the lowered response from diet 2 was due to the interaction of gossypol with the protein which reduced its growth-promoting properties.
Experiments 2 and 3. Both feed intake and weight gain were significantly (P<.01) influenced by treatment in Experiment 2 (table 3) . There was a .96 correlation coefficient between the feed intake and 4-week weight gain. A comparison of all the dietary treatments of trial 2 showed that bound gossypol significantly reduced weight gains (P<.01). The only treatment not showing a significant reduction in weight gains was diet 6, containing bound gossypol vs control diet 1. Weight gains from the gossypol-contalning diets supplemented with either lysine isoleucine or valine were significantly lower (P<.01) than their respective gossypol-free control diets. In a similar comparison between the threonine containing diets, the reduction effected by the bound gossypol was significant at P<.05. In the gossypol-free series of diets 1 through 5, the addition of either lysine, isoleucine, valine or threonine neither stimulated nor depressed growth. Such was not the case with the gossypol containing diets 6 through 10 although the gains on all supplemented diets were lower than the control, only valine added to diet 9, caused a significant depression in gain.
Protein efficiency ratio (PER) and grams of gain per unit of feed were significantly reduced, table 3, by the gossypol treatment either with or without amino acid supplementation. Decreases (P<.05) in both feed efficiency and PER of the isoleucine and valine supplemented gossypol-containing treatments were observed compared to the gossypol control, diet 6.
In experiment 3 gain was significantly reduced by the bound gossypol, but no effect due to addition of amino acids was noted (table 4). Duncan's New Multiple Range Test showed that the gossypol treatments vs no gossypol treatments produced significantly lower gains than did the diets without gossypol and that the amino acids did not significantly alter gains from the control diets prepared from G1CSM or GICSM-BG.
The 4-week feed intake showed results essentially the same as for weight gain. Intake of the gossypol-free diet supplemented with isoleucine (diet 3) was depressed to the level of the gossypol-containing diets. Feed efficiency and PER, table 4, followed a pattern similar to weight gains and represented two distinct groups, one the gossypol-free diets and the other, the bound gossypol-containing diets. No one amino acid caused a significant alteration from the control diet of either the GICSM or the GICSM-BG group.
In summarizing the deleterious effects of binding gossypol to glandless cottonseed protein, in 10 of 11 comparisons in experiments 2 and 3, the addition of gossypol significantly reduced 4-week gains. These results are in agreement with the deleterious effect of feeding bound gossypol in experiment 1.
Experiment 4. The weight gains for the rats fed the glandless cottonseed protein (diets 1 through 3) were higher (P<.01) than those fed the glandless cottonseed protein to which gossypol had been bound (diets 4 through 7, table 5). The addition of more of the glandless cottonseed protein to diet 2, to make it isonitrogenous with diet 3, which contained the supplemental lysine, isoleucine, valine, threonine and methionine, did not significantly increase weight gains above that of its control (GICSM,D1). A similar addition of the gossypol-containing meal to diet 5 increased gains to a level closely approaching significance. The supplementation of the glandless-cottonseed protein diet 3 with the amino acids had no significant effect on weight gains, however, an identical supplementation to diet 6 containing the glandless cottonseed protein to which gossypol had been bound produced a significant increase. When gossypol containing diet 7 was supplemented with the respective amino acids at the level they occur in a 10% egg protein diet, the gain increased above that of its control, diet 4 (P<.01).
Feed intake was significantly greater for diet 2 containing 11.2% protein than for either the gossypol-free or the g0ssypol-free amino acid supplemented diets fed at the 10% protein level. The rats fed the 11.2% protein diet containing gossypol consumed more food than those fed the same product at the 10% protein level and supplemented with amino acids. The bound gossypol and amino acids in diet 6 depressed feed consumption without an undesirable effect on feed efficiency which was not different from the efficiency of gossypol-free diets 1, 2 and 3. Diet 2 with the 11.2% protein without bound gossypol was lower in feed efficiency, P<.05, than was either diet 1 or diet 3 (glandless cottonseed meal'plus amino acids). Feed efficiency was depressed from the nongossypol controls when the rats were fed gossypol-containing diets 4 and 5 without amino acid supplementation; however, the depression was less marked in diet 7 which was supplemented with the lowest level of amino acids.
The nitrogen efficiency ratio was highest and not different for the 10% protein gossypol-free diets without or with amino acid supplementation and for the gossypol-containing diet 7 supplemented with amino acids to equal that of a 10% egg protein diet. In contrast the NER values for gossypol-free diet number 2 (11.2% protein) and gossypol-containing diet number 6 (with added amino acids) were lower (P<.05). The values for gossypol containing diets 4 and 5 were even lower than those of diets 2 and 6, P<.05.
The literature does not indicate what amino acid would enhance the nutritive value of cottonseed meals, however, Frampton (1965) has shown a .97 correlation of weight gains to available lysine. Martinez et al. (1961) showed that the nutritive value of cottonseed protein is reduced when the epsilon-amino groups of lysine are bound to gossypol. The low availability of lysine and methionine 64 and 67%, respectively, observed by Kuiken (1952) ; and observations by Carruth (1947 ), Ingram et al. (1950 and MiUigan and Bird (1951) on the relationship of the availability of certain amino acids to lowered growth, when the cottonseed products contain bound gossypol, suggested studies of single amino acid supplementation. Sure et al. (1953) found that the supplementation of cottonseed flour diets with lysine or methionine alone or in combination improved growth. Neither lysine nor methionine improved growth in the present study; however, supplementation of cottonseed meal diets with lysine improved growth of chicks (Lyman et al., 1953) and swine (Hale and Lyman, 1961) . Olcott and Foutaine (1941) obtained improved weight gains in rats by supplementing a 12% cottonseed protein diet with 1% lysine, but no effect was obtained with either histidine or glycine. Smith et al. (1958) noted a highly significant improvement in gains of rats when a 10% protein diet containing .207% bound gossypol was supplemented with .5% lysine, while neither .4% methionine nor .3% tryptophan had any effect. The results with methionine were in agreement with the present study, but those for lysine were not. Fisher and Quisenberry (1971) noted no growth response to supplemental methionine in chicks fed a glandless cottonseed meal diet containing 13% protein, but they obtained a response to lysine and to a multiple supplementation of methionine, lysine, leucine, threonine and isoleucine.
In experiment 2 of the present study, 10% protein gossypol-containing and gossypol-free cottonseed meal diets (2 to 5 and 7 to 10, respectively) supplemented with between .196 and .475% of five single amino acids did not increase weight gains. A significant decrease was noted when valine was added to the gossypol-containing diet in trial 2. The fact that lysine resulted in no improvement in performance in this study was in contrast with the literature, while the results with methionine and isoleucine were more in accordance.
The gain from the valine supplemented gossypol-containing diet was lower than the control in experiment 2 and may have resulted from a lower feed intake. This seems unlikely, however, since feed efficiency and PER also are lower than the corresponding values for the control diet. Neither feed efficiency nor PER was enhanced by any of the single amino acid supplementations in either the gossypol-free or the gossypol-containing diets. In the gossypolfree diets of experiment 3, the threonine supplementation was superior to the isoleucine supplementation but was not superior to the control. In experiments 2 and 3, all parameters of evaluation showed the gossypol-free diets to be significantly better than the corresponding gossypol-containing diets with or without amino acid supplementation except for the control diets in experiment 2. These results are in agreement with those of Fisher and Quisenberry (1971) with respect to methionine but are in contrast with respect to lysine. The lack of a weight increase with a supplementation of lysine or methionine seems to indicate that, for rats, the 10% protein diet from glandless cottonseed protein was adequate in lysine and methionine with respect to the other amino acids.
The ineffectiveness of single amino acid supplementation in GICSM-BG diets may have resulted from a differential in time of absorption of the free and feed amino acids causing a decrease in body protein synthesis, or could have resulted from an imbalance of excessive free amino acid to that of the free amino acids in a 10% cottonseed protein diet. Another possibility for the ineffectiveness of the single amino acid supplementation may have resulted from the gossypol in the gossypol-containing diet interferring with the absorption of several food amino acids, while those from the gossypol-free diet were rapidly absorbed and efficiently used.
The results from experiment 4 showed that the amino acid supplementation of a 10% protein diet, prepared from gossypol-free glandless cottonseed meal, with lysine, isoleucine, valine, threonine and methionine in combination at the levels they were individually fed in experiment 3 did not affect weight gains. Gains were improved in the gossypol-containing diets by the amino acid supplementation, diet 6, but were improved even more when the supplementation was at the respective level of their occurrence in a 10% egg protein diet. Gains from both levels of supplementation were significantly lower than the controls. A reduced feed intake for the high amino acid supplementation was reflected in a significantly higher gain/feed ratio and nitrogen efficiency ratio than for its controls containing bound gossypol, diets 4 and 5. The gain/feed ratio was equal that of gossypol-free control, diet 3, but this was not true for the nitrogen efficiency ratio. Results from the low amino acid supplementation were similar; but it was the nitrogen efficiency ratio that was not different from the gossypol-free controls.
Although multiple amino acid supplementation of bound gossypol-containing cottonseed meal diets did improve values in certain parameters of evaluation it did not eliminate differences in gains, which are the most critical criteria.
The differences observed suggest an amino acid imbalance, however, there may have been an adverse effect of bound gossypol on proteolytic hydrolysis and absorption.
Although this study gave some insight into the effect of bound gossypol on cottonseed protein utilization, single or multiple amino acid supplementation did not completely elucidate the problem. Other techniques for investigation of the action of bound gossypol on amino acid transport systems and protein utilization should be applied to this problem.
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